Abstract. Landslides disasters in Mexico caused more than 3500 deaths between 1935 and 2006. Such disasters have been mainly associated to intense precipitation events derived from hurricanes, tropical storms and their interactions with cold fronts, although earthquake triggered landslides have also occurred to a lesser extent. The impact of landsliding in Mexico is basically determined by the geomorphic features of mountain ranges and dissected plateaus inhabited by vulnerable communities. The present contribution provides a comprehensive temporal assessment of historical landslide disasters in Mexico. Moreover, it aims at exploring the future directions of risk management and disaster prevention, in order to reduce the impact of landslides on populations as a result of climatic change, urban sprawl, land use change and social vulnerability.
Introduction
The impact of disasters all over the world has lead to worsening dilemmas for development. Particularly in Mexico, as its nature determines the occurrence of natural hazards (i.e. volcanic eruptions, earthquakes, hurricanes and landslides), social conditions derived from urban growth, high population density, poverty, and inequality, play a significant role in creating vulnerability. Therefore, the risk of disasters is nowadays generally constructed by coupling hazards and vulnerability under the influence of diverse factors such as climatic and land use changes, among others.
Research and resources have been devoted to a great extent to the understanding of various types of natural hazards, however, it isn't until the last few years that landslides have received some attention (Alcántara-Ayala, 2004; Lugo et al., 2005) . Consequently, an exhaustive analysis of their spaCorrespondence to: I. Alcántara-Ayala (irasema@igg.unam.mx) tial and temporal dimension is still under progress. Particularly, Evans and Alcántara-Ayala (2007) have examined the major disasters resulting from landslides, snow avalanches, and geotechnical failures in North America. In a parallel research exercise and as an attempt to assess the incidence of landslides in Mexico through time, a historical account of the most disastrous landslides during the period 1935-2006 has been undertaken. The latter was carried out based on historical archives (newspapers), scientific papers and the "desinventar" disaster database (http://www.desinventar.org/). It is important to stress, nonetheless, that even though the data may possibly involve some variability and uncertainty, primarily in terms of the number of deaths -as can be expected -this effort represents a first step in establishing a landslide impact perspective at national level. Information derived from the three main sources was crossed-checked and database will continue being updated and improved.
In exploring the literature, it is clear that natural hazard assessment has been undertaken successfully at different scales in several regions of the world (Glade et al., 2005; Van Westen et al., 2006) . It is however the issue of defining vulnerability and risk, one of the most controversial aspects that remains unclear within the disaster notion framework. The latter results from the variety of existing epistemological orientations and methodological approaches developed by a wide range of disciplines and experts (Barkun, 1974; Maskrey, 1993; Blaikie et al., 1994; . Particularly in this paper, natural hazards are understood as all physical phenomena that can negatively affect human-kind in terms of their living standards, structures, or activities, whereas vulnerability is the propensity of an endangered element to suffer different degrees of loss or amount of damage depending on its particular social, economic, cultural, and political weaknesses (Blaikie et al., 1994; Alcántara-Ayala, 2002) . Table 1 ).
Landslide databases and inventories
The comprehension of landslide mechanisms and dynamics is frequently based on the analysis of mass-failure occurrence through time (in short and long terms) and space (small, medium and large-scales). Therefore, landslide databases and inventories can be regarded as one of the primary ingredients for such understanding. Both have been primarily developed by using historical archives Calcaterra and Parise, 2001; ) and bibliography (Alger, and Brabb, 2001; Keefer, 2002) , field observations, mapping (Parise, 2000; Ayenew and Barbieri, 2005) , aerial photographs, geographical information systems (Chau et al., 2004) , satellite (Nichol and Wong, 2005) , radar (Berardino et al., 2003) and LIDAR (Van Den Eeckhaut et al., 2007) imagery.
Databases and inventories are constructed in line with the available human and economic resources, and depending on the pursued goals. As indicated by Malamud et al. (2004) landslide inventories are comprised within two categories: (a) historical inventories: landslide events over time in a specific area; and (b) landslide-event inventories associated to a particular trigger. In addition to those conditions, landslide type, can also be included as a third class. Accordingly, a series of historical landslide inventories have been produced for many regions in the world (Ayenew and Barbieri, 2005; Duman et al., 2005 among others) . Common examples of landslide-event inventories include rainfall (Guzzetti et al., 2004) and earthquake (Mahdavifar et al., 2006 ) triggered landslides, whereas specific types, such as rock falls in Hong Kong (Chau et al., 2003) , have also been developed.
Quality, completeness, accuracy and limitations of datasets vary from place to place and according to the reconnaissance techniques (Wills and McCrink, 2002) and ground conditions (Brardinoni et al., 2003) . Nonetheless, their value and significance have been clearly expressed by quite a number of research assessments and publications in terms of hazards, erosion rates estimations (Malamud et al., 2004a) , along with other domains. What is more, Malamud et al. (2004b) , formulated a landslide probability distribution that can be used to calculate landslide-event magnitudes for incomplete inventories.
Spatial-temporal distribution of landslide disasters in Mexico
A total death toll of 3514 resulted from the occurrence of forty disastrous landslides and associated geotechnical failures in Mexico during the period 1935-2006 ( Fig. 1) . Nonetheless, it is relevant to point out that since records concerning the impact of this type of hazard are rather scarce, without a doubt, losses might have been greater. Despite the existing large controversy about defining a disaster, in this case, for practical reasons, only events which involved at least 10 fatalities were considered for the analysis. Particularly, in this section, attention was given to the top ten disasters reported for the specified period (Table 1) , which amounted 3153 deaths, in other words, it corresponds to 90% of the total cases that took place during the analyzed time interval. The worst episode, which involved 1000 casualties, took place in La Paz in September 1976 as a result of a geotechnical failure; flash-floods and mudflows were generated by the collapse of a six-meter dike produced by the intense precipitation of Hurricane Liza. Given the lack of rain gauges, based on indirect measures, Vázquez et al. (1997) , estimated a rainfall of 180 mm for 30 September, and a consequent flow rate of 950 m 3 /s over a 7.5 h period. The strong current and the large volume of water carried by El Cajoncito stream caused the collapse of the dyke. The resulting 2 m height avalanche washed away the human settlements formed to a major extent by wood and cardboard housing; 10 000-12 000 people were left homeless.
The second largest disaster, also associated to a hurricane, caused 871 human deaths in Minatitlán, Colima in 1959 (Lugo and Flores, personal communication; Davis, 2002) . Although establishing the specific number of deaths has caused controversy (Corona-Esquivel et al., 2002) , this episode was with no doubt one of the most tragic events associated to landsliding in Mexico. After three days of intense precipitation, due to rainfall triggered landslides a natural dam was formed in the area of the Copales and Juanillos hills. Later on, catastrophic overtopping of the dam caused three mudflows that swept onto the town of Minatitlan (Padilla, 2006) .
Most recently, in October 1999, the interaction of a tropical storm and a cold front generated intense rainfall in the region known as Sierra Norte de Puebla; hundreds of landslides took place and 247 people died (Bitrán, 2000) . The area is characterized by a highly dissected landscape, where contrasting lithological units enhance mass failure. Additionally, social-economic vulnerability of population is clearly expressed by poverty, lack of access to education, inadequate health conditions, deficient infrastructure, and scarce development and planning (Alcántara-Ayala, 2004).
Vulnerability and disasters
Landslide disaster risk can not be regarded only as a consequence of the likely occurrence of a physical phenomena, but also, as a result of the vulnerability of the exposed population. Vulnerability should be taken as a spatial-temporal dynamic process, which is pieced together within the historical dimension of development and socio-economic conditions of a particular community. It is strongly linked to the social processes that affect people's perception and coping strategies, and particularly it is determined by their fragility and lack of resilience. Therefore, and according the conceptual framework developed by Cannon (2003) , vulnerability is conceived as a complex condition of people derived from the interactions among components such as initial well-being or base-line status; livelihood and its resilience; self-protection; social protection; and civil society, social and political networks and institutions, security. The impact of disasters is undoubtedly determined by people's vulnerability. While natural hazards can be considered in terms of magnitude, frequency and probability, vulnerability is indeed a dynamic and heterogeneous process, whose complexity is expressed by the wide diversity of social, economic, politic and cultural conditions of societies. Under such account, disaster prevention could only be achieved if vulnerability is reduced. Accordingly, disasters are not natural (Maskrey, 1993) , it is unquestionably the condition of the individuals which determine the fact that a hazard could become a disaster . Disasters result from two opposing processes: on one hand, the processes generating vulnerability, and on the other, physical exposure (Blaikie et al., 1994) .
Expressly, although the portrayal of landslide disasters presented in this paper goes back to 1935, it was until the late eighties, specially after the 1985 Mexico City earthquake, that attention was given to disaster prevention nation-wide. As an immediate response to this event, the National Center for Disaster Prevention (CENAPRED) was established with the financial support of the Japan International Cooperation 162 I. Alcántara-Ayala: The challenge of risk management and disaster prevention Agency (JICA). During this period, geophysicists began to investigate natural hazards, particularly earthquakes and volcanic eruptions, whereas social scientist were the firsts to paid attention to the understanding of disasters as a whole complex system. While ostensible, landslide -and other type of -hazards occurrence in Mexico is derived from the geologicalgeomorphological-climatic setting of the country, the incidence of disasters is governed by the lack of commitment to reduce vulnerability. The latter is enhanced by a series of vicious practices reinforced throughout the prevailing empowered political system.
In drawing the experiences of landslide disaster prevention in Mexico, certain key findings can be noted with respect to other natural hazards: (1) Attention to landsliding is relatively new and no systematic procedures have been developed; (2) Shortage of researchers devoted to investigate this type of hazards; (3) Limited resources for scientific developments; (4) A prevailing culture of reaction vs. prevention; (5) Multi-transdisciplinary and community participation efforts on risk management are inattentive and neglected; (6) Lack of development and growth of economically marginal communities; (7) High incidence of vulnerable groups in areas geomorphologically susceptible to mass movement processes; (8) Lack of planning at all levels (local, municipal, regional and national); (9) Lack of a lawful framework for evicting illegal squatters; (10) Uncoordinated civil protection activities; (11) Political and social boundaries which restrain the development, application and permanence of disaster prevention actions.
Conclusions
All the historical accounts of landslide disasters in Mexico during the period 1935-2006 suggest that on one hand, there is still a lack of structured knowledge on landsliding nationwide, and thus, on adequate strategies to mitigate and cope with their impact. Furthermore, on the other hand, it is clear that vulnerability has determined not only the past and actual landslide disaster effects, but will control the potential-future scenarios. Consequently, based on multi-transdisciplinary and community participation efforts, risk management and disaster prevention can be regarded as a critical challenge to be achieved in the forthcoming years. The latter should include a face devoted to reduce vulnerability, and building up a solid and genuine culture of disaster prevention.
The challenge still remains as achieving the full comprehension and implementation of disaster risk management as a multifaceted social process which looks towards reducing the current disaster risk levels and to the anticipation and control of future risk. The axis for short and long term management should be based on community planning in view of the fact that in any region, the mechanisms or linkages involved within such practice are dependant on the interest residents or local organized actors and institutional participants might have, besides building up the capability to take the required steps to reduce risk to an acceptable level. Likewise, disaster reduction must be initiated within the decision making framework in terms of policy and planning.
Conversely, from an international perspective, it is important not to be too critical in terms of only pointing the finger at "developing" countries like Mexico. Disaster prevention challenges should not be exclusively priorities for these nations, but for the so-called "developed" countries -including the USA -where certainly vulnerable groups also exist (minorities, indigenous communities, elderly people, women, etc.), and are highly susceptible to the impact of natural hazards. Paradoxically, despite of the huge worldwide impact of disasters in the last decades, no Millennium Development Goal has been established for disaster prevention, and the international politics agenda continues brushing aside such crucial issue; global commitment is urgently required.
Finally, I would like to draw to a close by quoting the accurate words of the former UN Secretary General, Kofi Annan in the framework of the 1999 General Assembly of the United Nations:
" 
